Abstract In this study, physicochemical properties and bioactive compounds of three grape varieties (Cardinal, Müşküle and Razaki) harvested at the three different harvest times (on time, one and two weeks earlier) were investigated. The highest antioxidant activity, total phenolic and flavonoid contents were observed in Razaki pulp and these were 82.854%, 127.422 mg/100 g, 3.873 mg/g, respectively. The contents of bioactive compounds in grape seeds were found higher than those in pulps. Similarly, seed of Razaki had higher antioxidant activity (91.267%) and total phenolic content (477.500 mg/100 g) when compared to results of other varieties. The key phenolic compounds of all grape variety and seeds were gallic acid, 3,4-dihydroxybenzoic acid, (?)-catechin ve 1,2-dihydroxybenzene. The oil content of grape seeds ranged from 8.50% (Razaki harvested one week ago) to 19.024% (Müşküle harvested one week ago). The main fatty acids of grapeseed oils were linoleic, oleic and palmitic acids. In addition, the oil of Razaki seeds was rich in tocopherols when compared to the other varieties.
Introduction
Harvest at the most appropriate stage of ripening is crucial for optimum quality of grape with respect to some physicochemical and sensory properties, and maturity of grape begins at the moment of veraison and continues until the harvest (Piazzolla et al. 2015) . Some changes such as accumulation of secondary metabolites occur in fruit during the ripening process. The optimum proportion of sugar-acid shows pulp maturity. Skin maturity is provided with the maximum level of some aroma components and phenolic compounds (Pena-Neira et al. 2004) . Grapes (Vitis vinifera L.) are significant sources of natural antioxidants such as phenolic compounds. Environmental and geographical factors, and variety affect on the amounts of phenolics of grape fruits (Yang et al. 2009 ). In recent years, determination of natural antioxidants has been drawn attention because of free radical damage (Nawaz et al. 2006; Shaker, 2006; Yalcin et al. 2016) . Grapes, contain a great quantity of phenolic substances in skins, pulp and seeds. Therefore, grapes have the importance for health protective effects (Yılmaz et al. 2014) . The aim of present work was to determine and compare the effect of both variety and harvest time on several physicochemical properties ( o Brix, titratable acidity, maturation index, total dry matter, mineral content) and bioactive compounds (antioxidant activity, total phenolic and flavonoid contents, phenolic compounds, fatty acid composition and tocopherol content) of grape pulp and seeds.
Materials and methods

Material
The grape fruits used for the experiment were freshly harvested from vineyard garden of Viticulture Research Institute of Tekirdag in Turkey. The experiment consisted of two factors like maturity stages and different postharvest treatments. The experiment was conducted in the laboratories of the Department of Food Engineering, Faculty of Agriculture, Selçuk University. Pulp and seeds of table grapes were obtained from Viticulture Research Institute of Tekirdag in Turkey. 3 kg of random grape samples were harvested at three different harvest date. Grapes were brought to the laboratory in cool bag and cut from middle using knife. Pulp ? skin (seedless parts) and seeds were separated manually. Cleaned grape seeds were dried in an oven at 40°C until constant weight. Seeds were stored at ?4°C; parts of pulp and skin were frozen at -80°C until analysis.
Methods
Sample extraction
Phenolic compounds and antioxidants were extracted according to Gomez-Alonso et al. (2007) with some modifications. 2 g of ground samples were added to 15 ml mixture of methanol: water: formic acid (5:4.85:1.5, v/v). The mixture was homogenised using a blender for 2 min and kept in rinsing water-bath for 1 h, followed by centrifugation at 4500 rpm for 15 min. and then the supernatant was collected, and injected. Prior to injection, the extract was filtered through a 0.45 lm nylon filter. All analyses were carried out in triplicate.
Physico-chemical analysis 0 Brix, titratable acidity, maturation index and total dry matter were analysed according to Cemeroglu (1992) .Percent dry matter content of the grape pulp was calculated from the data obtained during moisture estimation using the following formula: % dry matter = 100 -% moisture content.
Total phenolic content
Total phenol contents of extracts were determined by using the Folin-Ciocalteu (FC) method as reported by Yoo et al. (2004) . 1 ml of FC reagent was added and mixed for 5 min. Afterwards, 10 ml of Na 2 CO 3 was added into mix, the final volume was completed to 25 ml with distilled water. After 1 h, sample was measured in 750 nm in spectrophotometer. The results were given as mg GAE/ 100 g.
Antioxidant activity
The antioxidant activity values of grape pulp and seed extracts were determined using DPPH (1,1-diphenyl-2-picrylhydrazyl) method according to Lee et al. (1998) . The extract was mixed with 2 ml methanolic DPPH solution, and the mixture was shaken, and kept at room temperature for 30 min. The absorbance was measured at 517 nm by using a spectrophotometer. All determinations were performed in triplicate.
Determination of phenolic compounds
Phenolic compounds were determined by Shimadzu-HPLC equipped with PDA detector and Inertsil ODS-3 (5 lm; 4.6 9 250 mm) column. As mobile phases, 0.05% acetic acid in water (A) and acetonitrile (B) mixture were used. The flow rate of the mobile phase and the injection volume were 1 ml/min at 30°C and 20 ll, respectively. The peak records were carried out at 280 and 330 nm. The total running time for each sample was 60 min. The analysis was carried out according to gradient elution program in order to determine the profile of phenolic substances.
HPLC Conditions are as shown below, Colonm: ODS-3 (5 lm; 4.6 9 250 mm) Flow rate: 1 ml/min. Wave length: 278 nm Control system: SCL-10A VP-SHIMADZU Dedector: SPD-M10Avp diode arrray dedectör -SHIMADZU Degazör: DGU-14A-SHIMADZU Colonm oven: CTO-10 AVP-SHIMADZU Program: Class-VP, 5.0 (Software)
Total flavonoid content
Total flavonoid content of samples was determined using colorimetric method (Hogan et al. 2009 ). Methanol extracts were properly diluted with distilled water. 5% NaNO 2 solution was added to each test tube; after 5 min, 10% AlCl 3 solution was added and then after 6 min 1.0 M NaOH was added. Finally total volume was filled up to 5 ml with water and the test tubes were mixed well. Absorbance of the resulting pink-colored solution was measured at 510 nm versus blank.
Mineral content
Grape pulp and seed samples were dried at 70°C in a drying cabinet with air-circulation until they reached constant weight. Later, about 0.5 g dried and ground sample was digested by using 5 ml of 65% HNO 3 and 2 ml of 35% H 2 O 2 in a closed microwave system (Cem-MARS Xpress) at 200°C. The volumes of the digested samples were completed to 20 ml with ultra-deionized water and mineral concentrations were determined by inductively coupled plasma-optical emission spectroscopy (ICP-AES; (VarianVista, Australia). The heavy metal contents of the samples were quantified against standard solutions of known concentrations which were analysed concurrently (Skujins 1998) . 
Oil content
Oil contents of grape seed samples were determined according to AOAC (1990) method. Total oil content of grape seed was extracted with petroleum benzine in Soxhlet Apparatus for 5 h and the solvent was removed with a rotary vacuum evaporator at 50°C.
Fatty acid composition
Fatty acid methyl esters of Grape seed oil esterificated according to ISO-5509 (ISO 1978) method were analysed using gas chromatography (Shimadzu GC-2010) equipped with flame-ionization detector (FID) andcapillarycolumn (Tecnocroma TR-CN100, 60 m 9 0.25 mm, film thickness: 0.20 lm). The temperature of injection block and detector was 260°C. Mobile phase was nitrogen with 1.51 ml/min flow rate. Total flow rate was 80 ml/min and split rate was also 1/40. Column temperature was programmed 120°C for 5 min and increased 240°C at 4°C/ min and held 25 min at 240°C. Commercial mixtures of fatty acid methyl esters were used as reference data for the relative retention times (AOAC 1990) .
Tocopherol content
Tocopherol content of grape seed oil was performed according to Spika et al. (2015) . 0.1 g of oil was dissolved in 10 ml of n-hexane and filtered through a 0.45 lm nylon fitler. HPLC analyses of tocopherols were determined using Shimadzu-HPLC equipped with PDA detector and LiChroCART Silica 60 (4.6 9 250 mm, 5l; Merck, Darmstadt, Germany) column. Tocopherols were separated by isocratic chromatography using a mobile phase of 0.7% propan-2-ol in n-hexane. The flow rate of the mobile phase was 0.9 ml/min, and the injection volume was 20 ll. The peaks were recorded at 295 and 330 nm with PDA detector. The total running time per sample was 30 min. Standard solutions of tocopherols (a, b, c and d-tocopherol) were constructed in the concentrations of 0-100 mg/l (Balz et al. 1992 ).
Statistical analyses
A complete randomized split plot block design was used. Analysis of variance (ANOVA) test was performed using JMP software, version 9.0 (SAS Inst. Inc., Cary, N.C.U.S.A). The results are mean ± standard deviation (MSTAT C) of three independent grape samples (Püskülcü and İkiz 1989) .
Results and discussion
Physico-chemical properties ( 0 Brix of pulp, total dry matter of seed, titratable acidity, maturation index and harvest date) of grape varieties are given in Table 1 . The highest 0 Brix content was found in Razaki (19.70%). 0 Brix of samples, harvested early, was lower than samples harvested on time. The results of titratable acidity ranged from 4.10 to 7.80 g/l. The highest titratable acidity was determined for Razaki (harvested two weeks ago, while the minimum value was found in Müşküle (harvested on time). The titratable acidity, which was higher in samples harvested early, showed a decrease as the harvest time approached. Maturation index of grape varieties in harvest time varied from 18.10 (in Cardinal) to 44.40 (in Müşküle). Maturation indexs of Cardinal, Müşküle and Razaki varieties which harvested early were 24.30, 30.60 and 25.10 (harvested one week earlier); 18.10, 24.80 ve 19.20 (harvested two weeks earlier), respectively. While the highest dry matter is found in Razaki (66.18%), the lowest dry matter was determined in Cardinal (46.84%) variety. A decrease was observed in total dry matter contents of grape seeds with early harvest, similar to 0 Brix content of grape varieties. There were statistically significant differences between 0 Brix values of grape varieties depending on harvesting time. While the titrable acidity of the samples increased, the ripening index and the total dry matter content decreased and statistically significant differences were detected between variety and harvesting time (p \ 0.05).
Antioxidant activity, total phenol and flavonoid contents of grape pulp and seed samples are presented in Table 2 . Antioxidant activity of samples varied between 38.658 and 82.854%. According to harvest time, the highest antioxidant activity was observed in Razaki when harvested one week earlier (82.854%), followed by Müşküle (harvested two weeks earlier) (70.554%) and Cardinal (harvested one week ago) (61.342%). According to results of total phenolic contents of grape samples, Razaki variety, harvested one week earlier, had the highest total phenolic content (127.422 mg GAE/100 g), followed by Müşküle, harvested two weeks ago (93.516 mg GAE/100 g). The results revealed that early harvest caused a change in total phenolic contents of samples. The changes were similar to antioxidant activity of grape samples. Total flavonoid contents of grape varieties ranged from 0.854 to 3.873 mg/ g. The increase and decrease in flavonoid contents were closed each other and in accordance with total phenolic content and antioxidant contents of grape samples. In addition to pulp of grapes, antioxidant activity, total phenolic and total flavonoid contents of grape seeds were determined and are shown in Table 2 . Antioxidant activities of seeds were determined between 84.878 and 91.267%, and these values were found higher than results of grape pulp. Razaki (harvested one week ago) and Cardinal (harvested two weeks ago) varieties had the greatest amount of antioxidant activities, with the proportion of 91.267 and 91.054%, respectively. Total phenolic contents of grape seeds ranged from 456.563 to 477.500 mg GAE/ 100 g and were higher than 400 mg GAE/100 g in all of seed varieties. Total flavonoid contents of grape seeds were considerably high compared the pulp of grapes and found between 91.984 and 161.706 mg/g. Razaki and Cardinal were significant source of flavonoids with maximum contents. Therefore, grape seeds had rich bioactive substance and were good for health. Antioxidant activity, total phenol and flavonoid (except seed) values of grape pulp were found to be statistically significant differences depending on harvesting time. Statistically significant differences were found between naringenin and kaempferol contents of rape pulp harvested one and second week ago (p \ 0.06).
In the experiments reported by Obreque-Slier et al. (2010), total phenolic contents of Carmenere and Cabernet Sauvignon grape skins ranged from 110 to 290 mg GAE/100 g; from 80 to 180 mg GAE/100 g, respectively. Total phenolic contents of grape seeds varied from 1000 to 2250 mg GAE/100 g; from 850 to 2040 mg GAE/100 g, respectively. Total phenolic content increased with early harvest. According to study of Anjelkovic et al. (2013) , the maximum radical scavenging activity was determined in seed (from 77.73 to 82.22%), followed by skin (from 49.04 to 68.12%) and pulp (from 21.96 to 36.24%). Antioxidant activity of seeds and pulp increased during ripening period and the highest radical scavenging activity was observed at 40th day after veraison. In addition, total phenolic content of grape seed and pulp showed increase during grape maturity and also reduced relatively from 40th day after veraison. According to the oil contents of grape seeds, the highest oil content was determined in Müşküle variety (17.719-19.024%), while seeds of Razaki variety (8.500-11.100%) had the lowest oil content. Oil content was effected from harvest time as other results. The maximum oil contents of Müşküle and Cardinal varieties were observed in samples harvested one week earlier. In Razaki variety, oil content was higher in samples harvested two weeks earlier.
Phenolic compounds of grape pulp and seed are shown in Table 3 . Generally, dominant phenolic compounds of all varieties harvested on time were gallic acid, 3,4-dihydroxybenzoic acid, (?)-catechin and 1,2-dihydroxybenzene. Early harvest of Razaki, Müşküle and Cardinal varieties caused some changes in phenolic compounds. The results demonsrated that early harvest (one week) in Razaki variety provided an increase in (?)-catechin content, but caused a decrease in 1,2-dihydroxybenzene content. There was an increase in gallic acid, (?)-catechin and ferullic acid contents when samples were harvested two weeks earlier. In Müşküle variety, early harvest (one week) was significantly decreased the dominant phenolics. In Cardinal variety, an increase in gallic acid, (?)-catechin and 1,2-dihydroxybenzene contents was observed, while a decrease in content of 3,4-dihydroxybenzoic acid is found with early harvest.
Phenolic compounds of grape seeds were determined as significantly high in comparison with pulp of grapes. The highest gallic acid (40.496 mg/100 g) and (?)-catechin (768.751 mg/100 g) contents of Razaki seeds were found when harvested two weeks earlier, while gallic acid (59.336 mg/100 g) and (?)-catechin (85.457 mg/100 g) contents were determined the maximum in Müşküle seeds when harvested on time. In all grape varieties, Cardinal (harvested two weeks earlier) had the greatest gallic acid (216.165 mg/100 g) and trans-ferulic acid (426.080 mg/ 100 g) contents. Additionally, harvesting one week earlier significantly increased the amount of 1,2-dihydroxybenzene (848.063 mg/100 g). There were no statistically significant differences in trans-cinnamic acid and kaempferol contents of Cardinal grape seed harvested one and two weeks earlier. Phenolic compounds were considerably impressed from harvest time. Dominant phenolics of Carmenere and Cabernet Sauvignon grape varieties skins were gallic acid (2.1-3.4; 1.5-3.5 mg/kg), (?)-catechin (1.3-3.1; 0.5-5.1 mg/kg), syringic acid (1.0-3.1; 0.7-1.8 mg/kg) during ripening (Obreque-Slier et al. 2010) . Gallic acid contents of grape seeds during ripening varied between 37.7 and 220 mg/kg; 36.9 and 113.2 mg/ kg, respectively (Obreque-Slier et al. 2010) .
Fatty acid compositions of grape seed oil samples are shown in Table 4 , and dominant fatty acids were linoleic, oleic, palmitic and stearic acids. It could be concluded that grape seeds are good source of essential fatty acids especially linoleic acid (64.532-73.571%). Oleic acid content ranged from 13.959 to 19.366%. The content of palmitic and stearic acids of grape seed oil changed between 6.233 and 9.797%; 3.558 and 5.435%, respectively. Besides, linolenic acid content of seed oil was determined below 1%. Fatty acid profile of Müşküle variety was not significantly affected by early harvest. However, early harvest (one week) caused a minor decrease in linoleic acid content and increase in oleic acid content of Razaki variety. Contrary to this, in Cardinal variety, it was found that linoleic acid content was higher and oleic acid content was also lower when samples were harvested early. There was no statistically significant difference between linoleic acid contents of Cardinal grape seed oil harvested one and two weeks earlier. In general, statistically significant differences were found between fatty acid composition of grape seed oil depending on the harvest time and variety.According to Yoo et al. (1984) , grape seed oil was mainly composed of palmitic (6.7-9.1%), oleic (13.4-20.7%) and linoleic (68.1-78.1) acids. In previous study, Riccardo and Muratore (1993) found 65.9-62.2% linoleic, 18.6-16.9% oleic, 11.6-10.7% palmitic, 3.8-3.4% stearic and 3.5-2.8% myristic acid in seed oils of red and white Italian grapes, respectively. Won Young et al. (2000) reported that linoleic, oleic, palmitic and stearic acids were main components of grape seed oil, respectively. Uslu and Dardeniz (2009) reported that grape seed cultivars contained 8.40-6.51% palmitic, 16.1-11.62% oleic, 77.59-72.50% linoleic, 3.86-3.07% stearic acids. Ö zcan et al. (2010) determined 4.1% palmitic, 10.4% stearic, 16.4% oleic and 69.3% linoleic acids in grape seed oil. Results related to grape seed oils were quite similar to those in literature. There is some variation, among cultivars, in terms if their fatty acid composition. Also, grape seeds can be used as a source of edible vegetable oil. It is concluded that the seeds as a by-product of grape processing industries in Turkey could be benefited for mainly edible oil and the other functional components. The tocopherol compositions of seed oils are illustrated in Table 4 . a-Tocopherol contents of seed oils ranged from 0.138 (Müşküle) to 0.213 mg/g (Razaki). The amounts of b-and c-tocopherol were 0.116-0.191 mg/g; 0.107-0.123 mg/g, respectively. d-tocopherol was not detected in Müşküle variety. Additionaly, Razaki variety exhibited the highest total tocopherol content, followed by Cardinal variety. Tocopherol contents of grape seed oils were found statistically significant depending on the variety and time (p \ 0.05). Table 5 shows the mineral content of pulp of grape varieties. The major minerals were potassium (K, 1584 (K, .038-2824 .947 mg/kg), phosphorus (P, 143.932-233 .307 mg/kg), sulfur (S, 146.826-179 .140 mg/kg), magnesium (Mg, Mineral contents of grape seeds are given Table 6 . Macro elements such as K, Ca, P, Mg, S and Na varied between 3950.714 and 7575.742 mg/kg, 3813.456 and 6190.063 mg/kg, 1627 .718 and 2113 .753 mg/kg, 923.203 and 1396 and 300.260 mg/kg, respectively. Mineral content of grape seed was higher than pulp of grape. Mineral contents of Razaki, Müşküle and Cardinal varieties showed a change according to harvest time. Generally, early harvest decreased the mineral contents of Razaki and Müşküle seeds. In addition, grape seeds did not contain Ni and Cr and Cd mineral and these werepresent (\1%)in grape pulp. It was ascertained that grape seed was a significant source of mineral.Mineral contents of grape seed and pulp differed according to harvest time and these differences were statistically significant (p \ 0.05). According to Fazlo et al. (1982) mean values of Na, K and Ca contents of grape seeds were 4660, 124,000 and 271,000 mg/kg, respectively. The range of concentrations of minerals in grape seed and pulp as reported here differed from previous reports. The variations observed between the results of this work could be probabaly due to differences in climatic conditions, soil structure, genetic factor, variety and environmental temperature during maturation of grape seeds.
Conclusion
Both grape pulp and seeds are source of important compounds for health, such as antioxidants, phenolics and flavonoids. Grape seeds had higher bioactive compounds in comparison with pulp. The results of analysis showed a change in all varieties according to harvest date. The highest antioxidant activity, total phenolic and flavonoid contents were observed in Razaki variety when harvested one week ago. Early harvest caused a minor changes in fatty acid compositions of seed oils, while there were significant differences in mineral contents of pulp. Moreover, the tocopherol contents of seed oils increased with early harvest. Razaki** 1.400 ± 0.020a***** 0.074 ± 0.008 286.343 ± 6.662a 7.182 ± 0.065b 0.037 ± 0.006b 0.742 ± 0.061b 4.171 ± 2.972b 2320.799 ± 8.008b
Razaki*** -****** -235.200 ± 6.521b 7.334 ± 0.050a 0.022 ± 0.007c 0.751 ± 0.060b 3.336 ± 0.051c 2565.728 ± 7.113a Müşküle* 0.992 ± 0.011c -230.707 ± 2.526a 7.272 ± 0.045a 0.039 ± 0.012b 0.684 ± 0.070b
6.728 ± 0.135c 2824.760 ± 6.516a
Müşküle** 2.133 ± 0.029b -174.465 ± 5.064c 4.909 ± 0.055c 0.034 ± 0.005c 0.652 ± 0.055c 10.765 ± 0.085b 1714.069 ± 7.001c
Müşküle*** 4.793 ± 1.667a -206.518 ± 5.069b 5.556 ± 0.041b 0.054 ± 0.014a 0.783 ± 0.045a 14.034 ± 0.130a 2303.934 ± 7.564b
Cardinal* * 0.076 ± 0.006b 329.947 ± 8.615a 3.024 ± 0.058b 0.062 ± 0.016a 0.832 ± 0.052b
8.499 ± 0.090a 2194.259 ± 8.013a
Cardinal** 1.148 ± 0.027b 0.339 ± 0.017a 215.820 ± 2.024b 3.318 ± 0.056b 0.014 ± 0.005b 0.878 ± 0.045a
5.126 ± 0.060b 2137. 085 ± 9.194b Cardinal*** 162.994 ± 6.556c
0.211 ± 0.045a
160.973 ± 6.564b
1.856 ± 0.070c * Harvest; ** harvested one week ago; *** harvested two weeks ago; **** each value is expressed as mean ± standard deviation; ***** values in each column with different letters are significantly different (p \ 0.05); ****** nondetected 
